The Green Genes column focuses on biotechnology research and use of genetically modified (GM) plants for crop improvement, medical and veterinary biologics, alternative fuels, and environmental remediation. GM plants show promise for benefits to global health and environment. At the same time, biotechnology research and products must be safe for the environment (flora and wildlife), agriculture, and humans. This column provides biosafety professionals with background information, reviews of current research, and interdisciplinary insight to inform biological risk assessment and institutional biosafety programs for plant research. Green Genes' topics are broadly applicable, but primarily focus on U.S. research settings and jurisdictions. Please e-mail any comments, suggestions, or insights to Malendia Maccree at mmmaccree@ucdavis.edu.
Greenhouse Apparel and Protective Equipment: What to Know from Head to Toe Personal apparel and protective equipment (PPE) worn in greenhouses must support both worker health and biological containment requirements. Typically, human health considerations guide the selection and use of specific clothing or equipment, whereas plant and plant pest containment considerations focus on work practices. Familiarity with the functional purposes and regulatory requirements pertaining to personal attire in greenhouses enables biosafety professionals to anticipate and mitigate containment vulnerabilities.
To determine which clothing and protective equipment is required for worker safety, consider each of the four classes of health stressors: chemical, physical, biological, and ergonomic. Regulatory mandates may exist for some activities or classes of hazards; protective equipment requirements for U.S. greenhouse workers are largely based on protection from chemical and physical hazards (EPA, 1993; OSHA, 2012) . Ergonomic stressors in plant growth operations can also be numerous and substantial. Clothing and equipment worn in greenhouses can either mitigate or exacerbate the effects of hazards and stresses on workers; therefore, the physical challenges of the work must be considered in conjunction with health protection and containment goals.
Once the most effective combination of attire is determined, then the potential for accidental release or crosscontamination of plant materials is taken into account in the context of the work tasks and the biological material to control. The consequences of release and environmental barriers such as temperature, heat, and humidity are important factors in determining the level of containment practices required for personnel in greenhouses. The appli-cation of exceptional or prescriptive requirements for personal attire should also correspond with the potential for direct contact with viable materials. Suggested practices for use and treatment of personal apparel and equipment are conveyed in plant containment and regulatory publications (Adair, 2008; Kahn, 1999; NIH, 2013; USDA, 2010a-f) .
Beginning our PPE assessment with the head and face area, inhalation and ingestion are common routes of exposure to chemical and biological hazards. Respiratory protection may be a consideration for inhalation exposure hazards. With strict adherence to signage, training, and reentry requirements for all workers, generally only pesticide applicators are required to wear respiratory protection when performing some of their duties (EPA, 1993) . Aerosolization of soil, plant debris, and composts can produce harmful airborne particulates (Dutkiewicz et al., 2011; Hansen et al., 2012; Zuskin et al., 1993) . HEPA-filtering face masks (N95) may be indicated for chronic exposures or known sensitivities. Medical evaluation and fit-testing are required to use respiratory protection devices that restrict normal breathing (OSHA, 2012) . Eating and hand-to-face contact should be avoided in greenhouses. Use of non-filtering face masks minimizes the likelihood of ingestion of and mucous membrane exposure to some allergens, but will not protect against respirable inhalation hazards. Sensitive organs such as ears and eyes may require protection against physical stressors. Fans and other greenhouse equipment can produce noise levels that trigger hearing protection requirements. Greenhouse workers are more commonly exposed to heat and light glare hazards. Lightweight reflective head coverings and hats may be employed for worker protection and comfort. Tinted and mirrored sunglasses can provide protection from bright sunlight, but may impact the ability to see hazards and assess plant health. Depending on the activities and plant species, physical hazards such as protruding stems and serrated leaf edges can cause injury to unprotected eyes. Splash protection may also be required when using chemicals such as pesticides and disinfectants. Workers may require a choice of more than one type of face or eye protection depending on seasonal variation and the task-at-hand.
Once proper attire and protective gear are selected for the head and face area, consider the containment requirements that may apply. Personal equipment such as ear plugs, eye protection, and face masks become fomites or reservoirs for pollen or microbial plant pathogens if they are worn in multiple locations and not cleaned or stored appropriately. Flying insect pests commonly drawn to the breathing zone of workers can become attached to hair and the facial area. Inspection of equipment, mirrors for self-
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University of California-Davis, Davis, California inspection, and "buddy check" policies for entry and exit from greenhouses aid in containment of visible insects or seeds. Hair coverings or exit showers may be required for high-consequence insect pests or aerially dispersed spores (USDA, 2010a-c) . Room entry restrictions (such as avoiding susceptible or receptive hosts) can be used as an administrative control for containment of lower-consequence pests or pollen. An attached vestibule, anteroom, or headhouse is preferable for entry to biological containment areas; these controlled-entry areas can also serve as storage or donning/ doffing areas for potentially contaminated outerwear. The signage and layout of greenhouse entry and exit areas should clearly communicate specific requirements and support desired worker behaviors (Adair, 2008; NIH, 2013) .
The hands and arms of workers most commonly come in direct contact with plants in greenhouses. While percutaneous routes of exposure are the primary consideration for health protection, contaminated arms and hands can also pose containment concerns. Plants may exude irritant chemicals and particulates, or present abrasive surfaces and projections which irritate or puncture human skin. As reactions to irritants and allergens vary greatly among workers, hazard communication and risk assessment are of greatest benefit before exposure occurs. Health surveillance for greenhouse staff may be advisable to monitor for sensitivities and allergic reactions. Risk assessments should be based in the specific plant species and work activities. Lab coats or other long-sleeved clothing is advisable to minimize skin exposure to plants and airborne materials. Gloves are critical to worker tasks and deserve special attention. In the absence of identifiable hazards, gloves may be avoided altogether if they interfere with the manipulation of plant materials or confound tasks requiring sensitive touch. Liquid-impermeable gloves may be required for chemical and biological materials, but are not always suitable or necessary for routine use. Daily use greenhouse gloves should provide durable protection from cuts and abrasions, absorb and evaporate perspiration, provide thermal protection when wet, and be easy to clean and disinfect (or disposable).
Personal hygiene and management of contaminated attire minimize the likelihood of an inadvertent release or spread of plant materials or plant pests. Dedicated or disposable PPE is advisable for containment of highconsequence plant pests (Adair, 2008; NIH, 2013; USDA, 2010a-f) , and contaminated equipment may require precleaning to remove soil or plant material before disinfection. One may designate ideally suitable gloves for routine daily use, and utilize many types of secondary gloves which can be stored, disposed, or decontaminated after specific tasks. Disposal containers for contaminated gloves and trash should be conveniently located, cleaned regularly, and have lids or sealable inner bags. Whether or not gloves are used or required, washing hands (and exposed arms) after any greenhouse work is best practice for human health protection and biological containment. Hand-washing and equipment cleaning can also lead to an inadvertent release of hazardous chemicals, plants, or pests, if untreated efflu-ent is allowed to enter the environment.
Last, but not least, pants and shoes are important for worker mobility and are also potential fomites for the release of seed and plant pests. Dedicated pants may be selected for durability and comfort, or standard clothing may be used for lighter-duty work. Impervious coveralls are required for hazardous chemicals (e.g., pesticides). Even in situations of high heat, long pants are always advisable. Pants may need to accommodate crawling, squatting, kneeling, and climbing on varied surfaces. Ergonomics and work tasks are also important in the selection of footwear. Improper footwear or awkward shoe-covers can lead to disabling or life-threatening injuries from slips, trips, or falls. Footwear (or shoe covers) should provide adequate traction and be fit for safe use on wet and uneven surfaces while carrying loads, climbing steps, and pushing carts.
Additionally, pant cuffs and other clothing features may retain soil and plant parts, and should be inspected upon exit from the containment areas. Pant hems that touch the floor can wick liquids or accumulate debris from wet or soiled flooring, carrying pests or seed outside to the environment. Shoes can present a highly efficient means to transfer seeds and plant pests to the environment. Physical accidents resulting from trip hazards and poor footwear can also lead to an inadvertent release or cross-contamination of plant materials. Greenhouse entry and exit procedures, spill clean-up procedures, and facility cleanliness are key factors in mitigating accidents and shoe-borne release of pests and plant material. Entry floor mats with disinfectant liquid or sticky surfaces should be reserved for hard-tocontrol materials (e.g., Arabidopsis seed) or highconsequence soil-borne plant pests; mats are easily overloaded with organic material in greenhouses and can present a trip hazard for workers. Dedicated footwear stored in the greenhouse and decontaminated before removal can be an effective means to assure containment and accommodate work tasks.
In summary, selection and use of greenhouse attire can also pose distinct challenges to containment. Worker protection requirements must be considered, prioritized, and harmonized with containment goals. Occupational hazard assessment and careful selection of greenhouse attire ensure the required worker health protections are in place, while greenhouse work practices and facility management set the worker health and safety measures in alignment with biological containment goals.
Biosafety professionals have ever-expanding roles at their institutions. In this Beyond Traditional Biosafety column, we focus on topics that may fall outside the scope of the traditional biosafety role, but where the expertise of the biosafety professional may be called upon to provide a valuable contribution to his or her institution. Please e-mail any comments, suggestions, or insights to Matt Fragala at mfragala@eheinc.com.
Indoor Mold: Background and Assessment Methods
The relationship between mold growth associated with damp building conditions due to wet or moisture-damaged building materials and potential occupant health effects is a widely recognized and established indoor air quality issue. Therefore, biosafety professionals need to understand the potential risks to occupants associated with indoor exposure to sources of mold growth and be prepared to provide valuable insight for their institutions in the recognition, evaluation, and control of indoor mold.
Exposures to damp and/or moldy buildings have been associated with increased risks for respiratory symptoms, asthma, hypersensitivity pneumonitis, rhinosinusitis, bronchitis, and respiratory infections (Etzel, 1999; Husman, 1996; IOM, 2004) . Studies have also shown that prolonged exposures to excessive mold sources associated with dampness can increase susceptibility to respiratory and other infections (Prezant et al., 2008) . Additionally, the overlap of toxic, allergenic, and irritative symptoms makes assigning such symptoms to specific agents found in buildings difficult (Etzel, 1999; Husman, 1996; IOM, 2004) . Some species of fungi can cause infections in humans, particularly for immunocompromised individuals. In light of these 
